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Introduction {#sec1}
============

The aggregate activity of neuronal populations in the cortex produces an electrical signal that can be easily measured from outside the cranium (electroencephalography) or within the cortex (local field potential, LFP). The LFP reflects the activity of local populations ([@bib6], [@bib17], [@bib7]), is closely linked to the blood-oxygen signal measured in fMRI ([@bib21]), and is an attractive signal for brain-machine interfaces. The current sources and sinks generating the LFP have been well-studied in vitro and under anesthesia; nonetheless, there remain open questions regarding the usefulness of the LFP for inferring synaptic activity of individual neurons in intact, awake cortex.

One open question concerns the relationship of the LFP to intrinsic, nonsynaptic currents in single neurons ([@bib6]). Studies in vitro indicate that intrinsic currents provide a measurable contribution to the LFP in both hippocampus ([@bib15]) and neocortex ([@bib5]). Large-scale simulations have offered differing estimates of this contribution: some suggest that the LFP mainly reflects synaptic activity ([@bib9], [@bib20]), and others suggest a dominant role for intrinsic conductances ([@bib39]). It is not known how the LFP relates to subthreshold activity in single neurons, particularly in the intact and awake cortex.

A second question concerns the relative roles of synaptic excitation and inhibition. The traditional view is that the cortical LFP largely reflects the activity of pyramidal neurons, which are numerous and well-aligned in space ([@bib4]). Indeed, activation of excitatory afferents produces large and localized extracellular current sinks ([@bib26]). Inhibition, conversely, is thought to contribute little to the cortical LFP because inhibitory cells and synapses are fewer, have lower driving force, and are not well-aligned in space ([@bib2], [@bib13]). However, measurements in vitro have revealed conditions where the LFP reflects inhibitory activity, both in hippocampus ([@bib3], [@bib10]) and in neocortex ([@bib44]). Moreover, inhibitory currents recorded in vitro and under anesthesia are involved in fast patterns in the LFP ([@bib1], [@bib12], [@bib28], [@bib33], [@bib34], [@bib42]). It remains unknown how the LFP is related to synaptic excitation and inhibition of individual neurons in the intact, awake cortex.

A third question concerns the effect of sensory stimuli on the relationship between the LFP and synaptic currents. Extracellular recordings show that visual stimulation reduces the correlation between spikes and the LFP in mouse primary visual cortex (V1), both under anesthesia ([@bib27]) and in wakefulness ([@bib38]). Synaptic mechanisms underlying these changes in the relationship between the LFP and single neurons remain unclear.

Answering these questions has been hampered by two difficulties. First, previous studies of the LFP's relationship to excitation and inhibition were performed in vitro or under anesthesia. Anesthesia is not expected to alter the physics of extracellular current sources and sinks that generate the LFP; however, anesthesia does alter neuronal interactions at many timescales ([@bib8]). Second, the common method to relate LFP to single-neuron activity is to calculate crosscorrelations. These correlations are contaminated by the autocorrelations of the signals, which are dominated by shared slow fluctuations even during wakefulness ([@bib29], [@bib35]). Even if the relationship between LFP and membrane potential (V~m~) was instantaneous, their crosscorrelation would reflect the timescale of shared autocorrelations.

Here, we overcome these limitations using simultaneous patch-clamp and LFP recordings in the anesthetized and awake mouse visual cortex. We introduce a linear regularized method that separates the influence of slow autocorrelations from the fast (millisecond) coupling of LFP with intracellular activity. This method allows us to quantify how well the LFP predicts subthreshold excitatory and inhibitory activity of single cortical neurons.

Results {#sec2}
=======

We recorded the LFP in V1 and simultaneously measured intracellular activity in layer 2/3 with whole-cell patch-clamp recordings. We first made current-clamp recordings to investigate the relationship between LFP and V~m~. In a second set of experiments, we recorded in voltage clamp while blocking intrinsic currents. We could thus assess the role of synaptic currents and the relationship between the LFP and synaptic excitation and inhibition. To study the effects of brain state and of sensory drive, we made our measurements in anesthetized and awake mice, and in the presence and absence of a brief visual stimulus. All procedures were made in accordance with the Animals (Scientific Procedures) Act 1986, UK.

Fast Coupling of LFP to Membrane Potential {#sec2.1}
------------------------------------------

The LFP bears close similarity to the V~m~ of nearby pyramidal neurons, but the relevant timescale of this relationship is obscured by shared slow fluctuations ([Figures 1](#fig1){ref-type="fig"}A--1D). This relationship is commonly characterized by computing crosscorrelations between the two signals ([Figures 1](#fig1){ref-type="fig"}E, 1F, and [S1](#mmc1){ref-type="supplementary-material"}, available online). The temporal extent of crosscorrelations is dominated by slow fluctuations in the LFP. Indeed, under anesthesia, the timescale of LFP-V~m~ correlation was as broad as the LFP's autocorrelation ([Figure 1](#fig1){ref-type="fig"}E). During wakefulness, LFP-V~m~ correlation was smaller ([Figure S1](#mmc1){ref-type="supplementary-material"}) and briefer but was again as broad as the LFP's autocorrelation ([Figure 1](#fig1){ref-type="fig"}F).

The presence of a visual stimulus hardly changed the timescale of LFP-V~m~ correlation. Stimulus-evoked correlations had similar timescale as spontaneous correlations, for anesthetized ([Figure 1](#fig1){ref-type="fig"}G) or awake ([Figure 1](#fig1){ref-type="fig"}H) visual responses, and for both signal and noise correlations ([Figure S1](#mmc1){ref-type="supplementary-material"}). Therefore, regardless of brain state or sensory condition, correlations between LFP and V~m~ are dominated by slow fluctuations shared between population activity and cellular activity.

To understand the fast relationship between LFP and single neurons, we implemented a linear model that infers the optimal function needed to reproduce intracellular activity from the simultaneously recorded LFP. We used crossvalidated regularized linear regression to obtain these optimal functions (coupling filters; [@bib23], [@bib41]). This method avoids overfitting while robustly estimating coupling filters independent from the influence of slow autocorrelations (see [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}). Convolving the LFP with the coupling filter yields a prediction of the intracellular signals. The accuracy of prediction enables assessment of the strength of coupling. We quantified this as the percentage of variance in the intracellular signal explained by the LFP. Explained variance ranges from 0 (for a constant model that merely predicts the mean) to 1 (perfect prediction).

This procedure yielded coupling filters whose bandwidth was optimized via crossvalidation, and that were an order of magnitude briefer than crosscorrelations, for both spontaneous ([Figures 1](#fig1){ref-type="fig"}I and 1J) and evoked activity ([Figures 1](#fig1){ref-type="fig"}K and 1L). Shuffling LFP-V~m~ pairing across trials (destroying simultaneity) produced flat coupling filters. This demonstrates that fast, millisecond coupling between LFP and V~m~ occurs uniquely within individual trials and does not simply reflect average stimulus onsets across trials. In agreement with correlations ([Figure S1](#mmc1){ref-type="supplementary-material"}), spontaneous and evoked LFP-V~m~ coupling was significantly larger during anesthesia (filter area was as follows: 25 ± 0.2 and 22 ± 0.4, n = 39 and 21; mean ± SEM) than during wakefulness (11 ± 0.5 and 10 ± 0.8, n = 33 and 15; p \< 0.01; Kruskal-Wallis ANOVA). Similar effects were observed with spike-triggered LFP ([Figure S2](#mmc1){ref-type="supplementary-material"}).

Changes in the magnitude of coupling filters could reflect changes in the amplitude of the underlying signals, or changes in the ability of one signal to predict the other. To distinguish these possibilities, we convolved the LFP traces with the coupling filters to generate predicted V~m~ traces. As illustrated for four example neurons ([Figures 1](#fig1){ref-type="fig"}M--1P), these LFP predictions captured a substantial portion of simultaneously recorded V~m~ variance. Across all conditions, LFP predicted V~m~ better during anesthesia than during wakefulness (results for spontaneous activity are as follows: 38.0% ± 2.4% versus 26.7% ± 4.2% explained variance; results for evoked activity are as follows: 35.7% ± 3.2% versus 22.3% ± 3.7%, mean ± SEM). Simulations showed that regularized coupling filters significantly outperformed both unregularized linear regression and filters obtained directly from crosscorrelograms ([Figure S2](#mmc1){ref-type="supplementary-material"}). This method accurately recreated subthreshold single-neuron activity from the surrounding population activity, and the changes in coupling reflect how accurately the cortical LFP predicts intracellular activity.

Fast Coupling between LFP and Synaptic Currents {#sec2.2}
-----------------------------------------------

We next investigated the relationship between the LFP and synaptic currents ([Figure 2](#fig2){ref-type="fig"}). We blocked spikes and most other intrinsic currents in the recorded neuron (see [Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}). We held membrane potential near −80 mV to measure excitatory postsynaptic currents (EPSCs; [Figure 2](#fig2){ref-type="fig"}A) or near +20 mV to measure inhibitory postsynaptic currents (IPSCs; [Figure 2](#fig2){ref-type="fig"}B). We then used the same methods as before to obtain the coupling between those synaptic currents and the LFP ([Figures 2](#fig2){ref-type="fig"}C--2F).

LFP coupling to synaptic currents showed consistent differences in timing, with excitation reliably preceding inhibition ([Figures 2](#fig2){ref-type="fig"}C--2F). During anesthesia, LFP-EPSC coupling preceded LFP-IPSC coupling by 4.5 ± 0.7 ms ([Figure 2](#fig2){ref-type="fig"}C; n = 11 pairs). Visual stimulation significantly shortened this lag to 1.0 ± 0.7 ms ([Figure 2](#fig2){ref-type="fig"}E; p \< 0.01; paired Wilcoxon signed-rank). These delays between excitation and inhibition are consistent with values measured in previous anesthetized work ([@bib1], [@bib12], [@bib28], [@bib34]).

LFP coupling to inhibition lagged coupling to excitation during wakefulness; this lag was again significantly shortened by sensory stimulation (from 3.7 ± 1.0 ms to 0.4 ± 1.1 ms, n = 12 pairs; p \< 0.01; paired Wilcoxon signed-rank). These millisecond timing differences in LFP coupling to synaptic activity could not have been observed from crosscorrelations ([Figure S1](#mmc1){ref-type="supplementary-material"}).

Brain state strongly influenced predictions of synaptic currents from the LFP. Under anesthesia, EPSCs were significantly better predicted than IPSCs across conditions ([Figure 2](#fig2){ref-type="fig"}K; results for spontaneous activity are as follows: 43.3% ± 6.2% versus 26.8% ± 3.4%; [Figure 2](#fig2){ref-type="fig"}M; results for evoked activity are as follows: 41.5% ± 5.7% versus 26.2% ± 3.3%, n = 11 pairs; p \< 0.01 for both; paired Wilcoxon signed-rank). During wakefulness, instead, the LFP predicted spontaneous EPSCs and IPSCs equally ([Figure 2](#fig2){ref-type="fig"}L; 13.1% ± 2.6% and 17.0% ± 3.3%, n = 12 pairs). Moreover, the awake LFP predicted stimulus-evoked IPSCs significantly better than EPSCs ([Figure 2](#fig2){ref-type="fig"}N; 22.7% ± 3.7% and 13.4% ± 2.6%; p \< 0.05; paired Wilcoxon signed-rank). These results show that the anesthetized LFP overwhelmingly reports activity of excitatory circuits; in contrast, the awake LFP reports spontaneous activity of excitatory and inhibitory circuits equally and predicts stimulus-evoked inhibition better than excitation.

During wakefulness, the strength of LFP coupling to the total synaptic current reflected stimulus conditions: without a stimulus, the LFP explained 13.2% ± 1.8% of the variance of postsynaptic currents ([Figure 2](#fig2){ref-type="fig"}L; EPSCs and IPSCs combined, n = 24), but with a stimulus it explained 19.9% ± 2.5% ([Figure 2](#fig2){ref-type="fig"}N; p \< 0.01; repeated-measures ANOVA). This effect of stimuli was absent during anesthesia (35.4% ± 4.0% versus 34.2% ± 3.7%, n = 22).

Wakefulness and Stimuli Enhance Coupling of LFP to Inhibition {#sec2.3}
-------------------------------------------------------------

We next assessed whether the LFP more accurately predicts V~m~ or synaptic currents. We compared our two recording conditions: when measuring V~m~, and when measuring only EPSCs and IPSCs, while pooling across spontaneous and sensory conditions ([Figure 3](#fig3){ref-type="fig"}A). During anesthesia, predictions of V~m~ (n = 42) and EPSCs (n = 22) were similarly accurate, while IPSCs (n = 22) were significantly less predictable (p = 0.01; repeated-measures ANOVA). During wakefulness, instead, the LFP provided equally faithful predictions of V~m~ (n = 30), EPSCs (n = 24), and IPSCs (n = 24). In both anesthesia and wakefulness, there was no significant difference between the predictability of V~m~ and of total synaptic currents. In additional experiments where we recorded both V~m~ and EPSCs within the same neurons and without blocking intrinsic conductances (n = 5), we found that predictions of V~m~ and EPSCs were nearly identical with one another (r = 0.95; p \< 0.01; data not shown). Taken together, these results indicate that synaptic currents provide the main contribution for prediction of cellular activity from the LFP.

During wakefulness, LFP coupling to synaptic currents was further enhanced by sensory stimulation ([Figures 3](#fig3){ref-type="fig"}B--3D). Visually evoked EPSCs tended to be more predictable than spontaneous ones ([Figure 3](#fig3){ref-type="fig"}C; 17.0% ± 3.3% versus 13.1% ± 2.6%, n = 12; p = 0.09; paired Wilcoxon signed-rank), but stimulation did not improve predictions of EPSCs during anesthesia ([Figure 3](#fig3){ref-type="fig"}C), and did not improve LFP predictions of V~m~ ([Figure 3](#fig3){ref-type="fig"}B) in either brain state.

The effect of visual stimulation was most pronounced for LFP coupling to IPSCs during wakefulness ([Figure 3](#fig3){ref-type="fig"}D). Visual stimulation significantly improved LFP-IPSC predictions (22.7% ± 3.7% versus 13.4% ± 2.6%, n = 12; p \< 0.01; paired Wilcoxon signed-rank). Again, stimuli did not cause these effects on IPSCs during anesthesia. Taken together, these results show that the awake LFP reliably reflects the influence of both excitation and inhibition and accurately reports changes in synaptic input driven by sensory stimulation.

Could distance between the intracellular and LFP electrodes account for differences across cells? We did not observe a significant correlation of LFP prediction quality across the distances we sampled ([Supplemental Experimental Procedures](#mmc1){ref-type="supplementary-material"}; [Figures S3](#mmc1){ref-type="supplementary-material"} and [S4](#mmc1){ref-type="supplementary-material"}; p \> 0.05), except during anesthesia, and only in specific frequency bands. The heterogeneity in LFP coupling may arise from other factors ([@bib30]).

Finally, we asked whether differences in LFP coupling could be observed during trial-by-trial fluctuations of cortical state. To this end, we used the LFP to classify cortical state on individual trials ([Figure S5](#mmc1){ref-type="supplementary-material"}). This analysis indicated that spontaneous fluctuations in cortical state caused significant changes in the strength of LFP coupling to subthreshold activity.

Discussion {#sec3}
==========

We have shown that the LFP can be used to predict the subthreshold synaptic input to individual neurons in visual cortex. In intact and awake conditions, the LFP contains substantial predictive power for millisecond changes in membrane potential, synaptic excitation, and synaptic inhibition. These findings provide constraints for computational simulations of neocortex ([@bib14], [@bib25]) and lend mechanistic insight for macroscopic electrical signals (such as EEG and ECoG) recorded in the awake human cortex.

A first consequence of our findings concerns the relationship of the LFP to synaptic and intrinsic currents in single neurons. From the extracellular point of view, both sets of currents contribute directly to the LFP ([@bib5], [@bib6], [@bib9], [@bib15], [@bib20], [@bib39]). We assessed the ability of the LFP to predict activity in single neurons when these currents were intact, or largely suppressed. If nonsynaptic currents play a major role, then the LFP's ability to predict membrane potential (intrinsic conductances intact) should be superior to its ability to predict synaptic currents alone. Instead, under our experimental conditions, we found that the LFP predicted relatively well-isolated EPSCs or IPSCs as well as it predicted membrane potential, indicating that synaptic currents play a central role in the functional relationship between the LFP and single-neuron activity.

A second consequence of our findings concerns the relative contributions of synaptic excitation and inhibition to the LFP. Confirming previous views, we found that the LFP was strongly coupled to excitation under anesthesia. However, during wakefulness the LFP predicted synaptic inhibition and excitation more equally. These findings suggest more effective synchronization of pyramidal neurons by common inhibitory inputs during wakefulness, consistent with an enhanced role for inhibition in awake conditions ([@bib11], [@bib40]).

A third consequence of our findings concerns the effect of sensory stimuli on the relationship between the LFP and synaptic currents. In V1, visual stimulation reduces the correlation between spike trains and the nearby LFP ([@bib27], [@bib38]). Our results suggest a synaptic basis for these effects during wakefulness: the awake LFP predicted IPSCs better during visual stimulation than during spontaneous activity ([Figure 3](#fig3){ref-type="fig"}D), and during visual stimulation, it predicted IPSCs better than EPSCs ([Figure 2](#fig2){ref-type="fig"}N). These results indicate that during wakefulness, sensory stimulation strengthens the coupling between LFP and inhibitory activity, relative to excitatory activity. Prominent inhibition improves awake sensory processing ([@bib11]) and may also decorrelate evoked spikes from the overall population response visible in the LFP.

One of the advantages of our method of estimating coupling filters is that it revealed temporal relationships at a fast timescale. As expected from the effects of membrane capacitance, the time course of LFP coupling to synaptic currents was briefer than coupling to V~m~. The coupling of LFP to synaptic excitation, moreover, preceded the coupling to synaptic inhibition by a few milliseconds, a lag that was reduced upon visual stimulation. These observations in the intact and awake cortex extend previous measurements made during oscillations in vitro ([@bib24], [@bib31]) and under anesthesia in vivo ([@bib1], [@bib12], [@bib28], [@bib33], [@bib34]). Synaptic activity recorded at the soma likely reflects synchronized firing in presynaptic excitatory and inhibitory populations. In fact, all coupling filters peaked at positive lags, indicating that the LFP slightly precedes the currents visible at the soma. The observed lag of somatic inhibition versus excitation may stem in part from the delay of fast-spiking interneuron firing relative to excitatory neurons ([@bib12], [@bib22], [@bib42]). Some excitatory inputs to layer 2/3 also originate from thalamic afferents ([@bib19]), providing a further temporal advantage to excitation during visual stimulation.

Because our method estimates coupling filters in the temporal domain, it does not require one to define frequency bands whose relevance varies across single trials, subjects, brain states, and sensory conditions ([@bib16], [@bib18], [@bib37]). However, our method does implicitly emphasize frequencies \<100 Hz (determined by the hyperparameters that minimized prediction error). Further studies employing alternative predictive methods ([@bib32], [@bib36]) could further explore LFP coupling to synaptic activity, including higher frequencies (\>100 Hz) where the LFP may reflect spike activity ([@bib43]).

How much of the intracellular activity in single cortical neurons can be predicted from the LFP? Under anesthesia, the LFP can predict 20%--60% of the variance in V~m~ and EPSCs and 20%--40% of the variance in IPSCs. During wakefulness, these numbers are lower, especially for V~m~ and EPSCs. Yet these numbers indicate a surprising degree of predictability. Explained variance varied approximately as the square of correlation, so an apparently small amount of explained variance such as 0.25 corresponds in fact to a correlation of 0.5. This appears consistent with previous reports of V~m~-LFP correlations (ranging from 0.3 to 0.6) in awake cortex sampling similar distances as our study ([@bib29], [@bib35]). It would be surprising if single-neuron activity was captured perfectly by a global signal such as the LFP; this would imply that large populations of neurons behave identically.

Our study focused on predicting single-neuron activity from the LFP, not on the genesis of the LFP signal itself, and comes with a number of limitations. First, as with all somatic recordings, our results are biased toward synaptic activity generated in proximal portions of the neuron ([@bib45]). The thin distal dendrites of pyramidal cells contain many active conductances that are difficult to detect using somatic recordings and are not well-controlled by somatic voltage clamp. These dendrites may contribute substantially to the LFP; it will be important in future investigations to understand LFP coupling to both somatic and dendritic signals. Second, we concentrated on intracellular signals measured in pyramidal neurons in L2/3 of mouse V1; it will be interesting to extend this approach to other cell types (e.g., interneurons), other layers, and other neural circuits with different connectivity and synaptic dynamics. Third, we concentrated on spontaneous activity and on activity elicited during passive presentation of a brief stimulus in mouse V1. It remains to be seen how the LFP is coupled to synaptic activity in different conditions and brain states, for instance, during behavioral tasks.
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![Fast Coupling between V~m~ and LFP in Cortical Area V1\
(A) LFP and simultaneous whole-cell patch-clamp recording of V~m~ in L2/3 of anesthetized mouse V1 during spontaneous activity.\
(B) As in (A), during wakefulness.\
(C and D) Same as (A) and (B), during visual stimulation (bottom). Single-trial (darker) and average responses to ten trials (lighter). Spikes truncated at −20 mV. (A)--(D), four separate neurons.\
(E and F) Normalized crosscorrelation of spontaneous LFP and V~m~ under anesthesia (E) and wakefulness (F). Light traces, mean across pairs ± SEM (shaded). Dark traces, autocorrelation of LFP. Values are full width at half maximum (arrows).\
(G and H) Same as (E) and (F), during visual stimulation.\
(I and J) Optimal coupling filters between LFP and V~m~ for spontaneous activity under anesthesia (I) or wakefulness (J). Shuffling trials destroys coupling filters. Inset: coupling filter at same timescale as correlation in (E).\
(K and L) Same as (I) and (J), during visual stimulation.\
(M and N) Coupling filters predict single-trial spontaneous V~m~ (top) from LFP (bottom) during anesthesia (M) or wakefulness (N). Crossvalidated coupling filters were convolved with LFP to predict simultaneous V~m~ (blue). Percentages indicate explained variance of predicted trace compared to actual trace (gray).\
(O and P) Same as (M) and (N), during visual stimulation (bottom). (M)--(P), four separate neurons. See also [Figures S1](#mmc1){ref-type="supplementary-material"} and S2.](gr1){#fig1}

![Fast Coupling between LFP and Synaptic Currents\
(A and B) EPSCs (magenta) or IPSCs (cyan) recorded from the same neuron simultaneously with LFP (black, bottom). Single-trial (dark) and average responses (light) during awake visual stimulation (flashed bar, bottom). EPSCs recorded at −80 mV and IPSCs at +20 mV, respectively.\
(C and D) Population coupling filters between LFP and PSCs during anesthetized (left) and awake (right) spontaneous activity. Filters from shuffled trials are flat (lighter colors). Mean ± SEM (shaded) shown for all.\
(E and F) Population coupling filters between LFP and PSCs during stimulus-evoked activity. Same neurons as (C) and (D). Significantly faster excitatory-inhibitory lag during stimulus-evoked activity versus spontaneous (paired Wilcoxon signed-rank, p \< 0.01 for both).\
(G and H) Coupling filters convolved with LFP (bottom) predict single-trial spontaneous synaptic currents (EPSC or IPSC, top) during anesthesia (G) and wakefulness (H). Same scales throughout. Percentages indicate explained variance of predicted traces (colored) compared to the actual trace (gray).\
(I and J) Same as (G) and (H), during visual stimulation. (G)--(J), four separate neurons.\
(K and L) Prediction quality (percent of explained variance) of EPSCs and IPSCs from spontaneous LFP during anesthesia (K) and wakefulness (L). Shaded regions, 2D Gaussian fit ± 1 σ. EPSCs significantly better predicted than IPSCs under anesthesia (repeated-measures ANOVA, p \< 0.01). In (K), lighter and darker points indicate urethane and isoflurane, respectively.\
(M and N) Prediction quality of EPSCs and IPSCs from stimulus-evoked LFP. During anesthesia (M), LFP predicts EPSCs significantly better than IPSCs (paired Wilcoxon signed-rank, p \< 0.01). During wakefulness (N) LFP predicts IPSCs better than EPSCs (paired Wilcoxon signed-rank, p \< 0.05). Total evoked currents are significantly more predictable than spontaneous currents during wakefulness (repeated-measures ANOVA, p \< 0.01). Dashed ellipse shows fits from (K) and (L). In (M), lighter and darker points indicate anesthetic as in (K). See also [Figures S3--S5](#mmc1){ref-type="supplementary-material"}.](gr2){#fig2}

![Wakefulness and Visual Stimuli Enhance Coupling of LFP to Inhibition\
(A) LFP prediction of V~m~, EPSCs, and IPSCs during anesthesia (left, n = 40, 22, 22) and wakefulness (right, n = 30, 24, 24). During anesthesia, EPSCs are significantly more predictable than IPSCs (p = 0.01; repeated-measures ANOVA; n = 22 for both). No significant difference in total LFP predictions of V~m~ versus PSCs across states. Median of all spontaneous and stimulus-evoked predictions calculated within neuron then averaged across populations (median ± MAD \[median absolute deviation\]).\
(B) Prediction quality (percent of explained variance) of spontaneous versus stimulus-evoked V~m~ during anesthesia (n = 21) and wakefulness (n = 15). Shaded regions, 2D Gaussian fit ± 1 σ throughout figure. No significant effect of stimulus within groups (p = 0.2; p = 0.4).\
(C) Prediction quality of spontaneous versus stimulus-evoked EPSCs during anesthesia (red) and wakefulness (magenta). No significant effect of stimulus within groups (p = 0.2; p = 0.09).\
(D) Stimulus-evoked IPSCs are significantly more predictable from LFP than spontaneous IPSCs during wakefulness (p \< 0.01; paired Wilcoxon signed-rank). No significant effect during anesthesia (p = 0.8). See also [Figures S3--S5](#mmc1){ref-type="supplementary-material"}.](gr3){#fig3}
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